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NOTICE

The work covered by this report was accomplished under Air Force Contract
AF33(615)1360, but this report is being published and distributed prior to
Air Force review. The publication of this report, therefore, does not con-
stitute approval by the Air Force of the findings and conclusions contained

herein. It is published for the exchange and stimulation of ideas.




FOREWORD

This 3rd Quarterly Report is submitted by the Aerospace Electrical Divi-
sion, Westinghouse Eleciric Corporation, Lima, Ohio, on Air Force Cor-
tract AF33(615)1360, Project No. 8128, Task No. £128-06 High Temper-
ature Alkali Metal Resistant Insulation. The contract is administered by
the Air Force Aero-Propulsion Laboratory, Research and Technoiogy
Division, Wright-Paiterson Air Force Base, Dayton, Ohio. Mr. Lester

Schott is Project Engineer for APIP on this contract.

The work described in this report was done by personnel in the Materials
Pevelopment Section and Research Laboratory at Westinghouse AED, Lima,
OChic and Westinghouse Research and Develcpment Center, Churchillborough,

Pennsylvania.

The participation of the following is specifically acknowledged: W. H.

Saavely, Project Engineer; Dr. R. J. Towner and R. E. Stapleton, Composite
Seals; J. W. Ogden, Transfcrmer Design and Testing; R. E. McVay, Mag-
netics; L. D. Fraley, Stress Analysis; Dr. C. Hirayama, Active Metal Seals

and D. J. Boes, Pctassium Vapor Corrosion i'ests.
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ABSTRACT

This report covers the progress during the Third Quarter on Air Force
Contract AF33(615)1360.

Five-hundred hour corrosion tests in 850 C potassium vapor have been
completed on additional materials. Ceramic-to-metal seals were fab-
ricated by hot pressing techniques and also by active metal brazing. Elec-
trical testing of the active metal braze seal in potassium vapor was con-
ducted at 600 C. A preliminary test transformer constructed of potas-

sium resistant materials was electrically tested in argon at three different

temperatures up to 600 C. The same transformer was electrically ener-

gized and tested in potassium vapor at room temperature, 290, 330 and

450 C.
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I. INTRODUCTION

This report covers the third quarter from October 1, 1964 to December 31,

1964 on Air Force Contract AF33(615)1360, High Temperature Alkali Metal
Insulation.

The program was initiated to investigate the effect of 600-850 C potassium
vapor on selected materials in an electrical test device. The test device
is a transformer designed to operate in potassium vapor at 600 C. Various
voltages to 1000 Vac and frequencies to 3200 cps are to be applied to the
primary windings. Fifty amperes at thirty-two volts will be one output of
the secondary winding. The transformer is to be operated at these electri-
cal test conditions for 500 hours. Examination of the materials after the
test period will be done to determine the effect of the combhined environ-

mental test conditions.

WAEDé64. 75E-1




II. SUMMAKY OF WORK PERFORMED AND MAJOR RESULTS

1. Potassium vapor corrosion tests run at 850 C were completed.

2. An electrical terminal seal was charged with purified potassium.
The electrical resistance changas of the Lucalox ceramic in-
sulator, due to potassium vapor, were determined to a temper-
ature of 600 C.

3. Concentric ring seals have been ho! pressed to approximately
100 percent density with strong interface bonding and a high
degree of concentric symmetry. These results were obtained with
a number of different refractory metals in combination with high
purity ( > 99.9% AigO3) alumina.

4, Thermal expansion mismatch has been experimentally found to be
the determinant factor in achieving crack-free ring seal speci-
mens. The columbium-alumina seal can be reproducibly made
without cracking. All other refractory metal combinations have
caused radial cracks to appear in the alumina.

5. RHot pressed concentric ring seals (after surface lapping) were
helium leak tested at room temperature. Columbium seals were
found to have no measurable leak. A molybdenum seal was also
leak tight, although the alumina insulator was cracked. Tantalum
seals showed a significant leak rate.

6. A hut-pressed five-layer end-to-end seal composed of molybdenum,

molybdenum and alumina and pure alumina was found to have a

WAEDG4. 75E-2
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11.

12.
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modulus of rupture of 32, 300 psi. Cold-pressed component
parts have been made for additional testing.

Specimens of all hot-pressed refractory metal-alumina combi-
nations have been lapped, polished and etched for metallographic
studies.

Alumina insulation used in the concentric seal configuration was
hot-pressed as individual wafers. This material was found to
have an electrical resistivity in the same decade range at 850 C
as high purity sapphire. The disks were translucent, possessed
a characteristic grain structure, and were close to theoretical
density.

Tests on magnetic materials were conducted after exposure to
potassium vapor at 600 C for 500 hours. Potassium vapor ex-
posure did not significantly change the a-c core loss or d-c
magnetization properties of Cubex, Hiperco 27, or Armco Ingot
Iron at the proposed operating flux density of 80 KL/in?. The
5% Al-Fe alloy and 3% Al, 1% Y-Fe alloy a-c core loss proper-
ties show no improvement over Cubex at 400 cps.

Methods of producing a pore-free nickel plating to protect the
silver core of nickel-clad silver conductors have been developed.
Nickel-clad silver conductors have been plated with nickel by
this technique and have resisted corrosive attack by 600 C
potassium vapor for 500 hours.

Columbium-1% zirconium clad dispersion strengthened copper

conductors with a 28 percent cladding have been fabricated.

WAED64. 15E-3
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A No. 22 AWG float- 2one refined rhodium conductor has been
exposed to 850 C potagsium vapor for 172 hours. The hard-
ness decreased but very little change in weight was observed.
The preliminary test transformer has been electrically tested
in saturated potassium vapor at temperatures to 450 C. An
electrical open circuit occurred above this temperature. The
active metal brazed seal was still leak tight after testing.

The ceramic coil form transformer has been fabricated and
electrically tested at room temperature. A temperature rise
of 125 C was observed at 1000 volts and 400 cps input with a
50 ampere output when the secondary winding of the transformer

was connected to a resistive load.

WAEDG4. T5E- 4
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III. EXPERIMENTAL WORK

Potassium Vapor Exposure Tests

Results of Additional 850 C Potassium Vapor Exposure Tests

The materials listed in Table I were exposed to potassium

vapor at 850 C for the purpose of evaluating their corrosion
resistance. All the materials were exposed for 500 hours,

with the exception of the No. 22 AWG rhodium conductor and

the molybdenum, molybdenum-alumina, alumina hot-pressed
composite. These samples were exposed to 850 C potassium
vapor for 172 and 330 hours respectively. Weight change data
given in Table I shows the fused fluoride eutectic underwent a
considerable reduction in weight. The shape of the fluoride test
piece was not altered appreciably considering the weight change.
As Table ] shows, the barium fluoride is attacked more than the
calcium fluoride. The conclusion is that high purity potassium
preferentially removed the barium fluoride from the eutectic at
the temperature of 850 C. The eutectic still possessed a coherent
structure so it has been selected as a potting material for use at
600 C. The hot-pressed molybdenum composite has good resist-
ance to potassium vapor. The alumina portion of this composit»
was still bonded {irmly to the molybdenum-alumina cermet. Small
cracks which were present in the alumina before exposure became

more visible.

WAEDG4. 15E-5
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TABLE I. 850 C Potassium Vapor Corrosion Test Data - Exposure Time 300 Hours

Potassium

No. Designation  Initial Wt. # Final Wt.# Difference # Charge #

1.* Rhodium 0. 3696 0. 3707 +0.0011 0.611

3. SigNg 0.5731 0.569

3. LiF 1. 4018 0.623

4 CaF 1.0299 0. 9308 -0. 0991 0.586

5. Bar 1.1718 0. 0500 -1.1309 0.616

6. CaryBar, 0.9388 0.5176 -0, 4412 0. 495

T.%* Mo-M-Al30y 1.0963 2.1170 +0.0207 0.810

8.° AliteA-610 0.9294 0.9315 +0. 0021 0.594

9. Blank No sample exposed in this capsule 0. 201
10.  AlteA-610 0. 5437 0.3438 +0. 0001 0.473

*Off test after 172 hours

**Qff test after 330 hours

fAll weights grams

Initial Appearance

Silver wire

Ligit grey rocher

Clear glass
rectangle

Clear glass chip
Clear glase chip
Grey triangle
Grey pellet

Milk white rocker

Milk white rocker

Final Appearance

Darkened to dull grey
Disintey: aled
Sample melted

Pink color
Yellow - chip
Porous

Bottom layer turned black
# swelied 0. 007 inch

Turned light grey

Light grey
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B. Ceramic to Metal Seals

1. Electrical Testing in 600 C Potassium Vapor

An electrical test capsule was made by using an active meta!
braze (60% titanium, 25% nickel, 15% columbium) to join a
short piece (~ 2 inches) of 5/8 inch O. D. Lucalox between two
columbium metal pieces. A photograph of this type seal is in
the Second Quarterly Report on page 23.

The test capsule was charged with high-purity potassium (99. 9%),
evacuated and closed by tungsten inert-gas welding. A furnace
was constructed and insulated with Fiberfrax to keep the capsule
at a uniform temperature. The capsule furnace and electrical

leads were then placed inside the bell jar of a vacuum system.

The two capsule leads were connected inside the bell jar to elec-
trical feed-through insulators. The system was evacuated to 10~
torr. Resistance readings were then taken with a Freed megohmeter
to a temperature of 475 C where the 500 volts output from the meg-
ohmeter caused breakdown of the vapor akgsorbed on the insulator
walls. At this point, the resistance reading was 1. 35 x 105 ohms.

A Triplett volt-ohm-millimeter was used from 475 C to 600 C to
determine resistance. The resistance readings versus temper-

ature readings are shown in Figure 1.

Voltage breakdown measurements were taken at 493 C using a

Slaughter leakage tester. The reading obtained was 4. 5 milii-

amperes at 275 Vac.
WAEDS4. 15E-T7
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FIGURE 1. Electrical Resistivity of Ceramic-to- Metal Terminal Seal

During Potassium Vapor Exposure




This test capsule was exposed for 24 hourg at 600 C, then taken
from the vacuum furnace and cut open in an argon-filled glove
box. It was noted at this time that the potassium level had con-
tacted the bottom edge of the Lucalox insulator. Potassium may
have crept up the ceramic wall at high temperature, causing the

low resistance reading at 600 C (A~2. 04 ohms).

WAED64. 75E-9




Pressure Sintered Ceramic-Metal Composites and Hermetic

Seals

Work continued on the development of hermetic potassium re-
sistant electrical terminal seals by hot pressing and sintering
metal-to-ceramic compacts. The hot pressing operation was
applied to comypacts of metals, 50 v/o metal + 50 v/o alumina
mixtures, and alumina which had low initial densities. This
provided composite pellets with strong bonds across the various
interfaces.

a. Materials Used in Composites

The powders used to date in this investigation were as
follows:

Powder Purity Particle Size Source

Molybdenum > 99.5% -150+325 mesh Plasmadyne

Tungsten Y 99.9% 3-5 microns Engineered
Materials
Tantalum >99.5% -325 mesh Fansteel
Columbium »99.5% -80+325 mesh Fansteel
Alumina 299.9% 0.3 microns Union Carbid¢
Metallurgical
Grade Linde A

b. Concentric Ring Seals - Cold and Hot Pressed

Dies were designed and constructed from hardened tool
steel (R:60) for cold compacting 50 percent dense ring-

shaped pellets of metal, metal + ceramic, and ceramic

WAED64. TSE-10
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powders. After cold compacting, the pellets were as-
sembled into a concentric configuration and hot pressed
sanultaneously in the axial direction to full density. The
approximate diameters of the cold compacted pellets,

based on die dimensions are given below:

Powder Die Compact Compact Size  compact
Material Set # Condition O.D.,in LD.,in Shape
Metal 1 Green 1. 376 1 136 Ring
Metal + Ceramic 2 Green 1. 126 0. 881 Ring
Ceramic 3 Green 0. 937 0. 413 Ring
Ceramic 3 *Pre- 0.876* 0.386* Ring
Sintered

Metal + Ceramic 4 Green 0. 376 0.136 Ring
Metal 5 Green 0. 131 -- Cyliuder

*Note: Compact size after shrinkage during pre-sintering

All of the ring-shaped dies were designed with a 0. 002 inch
taper on the diameter per one inch of compact length for
ease of ejection. Compact lengths of up to one inch were
provided for in the die design. The actual compacts used
for hot pressing had lengths of either 0. 5 inch or one inch.
The desired density of the compacts was attained by con-
trolling the weight of powder charge and length of compact.
The density of the alumina compacts was further controlled
by the drying and pre-sintering conditions. It was gener-

ally impossible to make precise measurements on the

WAED64. T5E-11




dimensions and density of the green compacts because of
their fragility. However, in those caces where measure-
ments were made, there was good agreement with those
intended. The photograph in Figure 2 illustrates the typical
size and gecmetry of compacts before and after hot pressing

to a length one half the original.

The compacted metal-to-ceramic seals were made in dies
(1. 385 in. I.D.) machined from Speer Carbon Co. high
purity graphite. Figure 3 shows a photograph of the hot
pressing fixture which was constructed to compact the
larger diameter ring seals. The essential features of the
hot pressing fixture described in the Second Quarterly Re-
port have been incorporated in the new design shown in

Figuie 3.

A number of refinements have been made, however, which
have resulted in improved operating characteristics. Six

ring seals were hot pressed in this fixture without the neces-
sity of replacing any of its components. Better argon circuia-
tion around the graphite parts has been achieved by strategic
location of inlet and outlet tubes. A mullite outer protection

tube has replaced the alumina tube previously used.

The seals of the concentric ring configuration, which have

been made since the Second Quarterly Report, as well as

WAED64. 75E-12
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After Hot Pressing Before Hot Pressing

FIGURE 2. Size and Geometry of Concentric Ring Seal Compacts Before and After Hot Pressing
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FIGURE 3. Hot Pressing Fixture Used to Compact Large
Diameter Concentric Ring Seals
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those of the smaller diameter cylindrical end-to-end con-
figuration which will be discussed later, are listed in
Table II.

The photograph in Figure 4 shows the Mo-AlyO3 (sample
#117), Ta-Alp0O3 (sample #124) and Cb-AlpO3 (sample #135)
hot pressed seals. Unlike the cylindrical end-to-end con-
figuration hot pressed pellets made earlier, both Mo-Aly03
ring seals (samples #117 and #118) contained fine cracks,
mainly in the radial direction, which in some instances
traversed completely through the center of the seal and
terminated only in the outermost metal ring. Likewise,the
Ta-Alp03 ring seals (samples #124 and #129) contained
radial cracks. These cracks were believed to be due to the
differences in coefficient of thermal expansion of the metal
(molybdenum or tantalum) and alumina, and were aggravated
by the relatively large diameter of the hot pressed seal,

1. 38 inches O.D. The two Cb-AlpO3 ring seals (samples
#135 and #140) were free from cracks. Maintenance of con-
centricity, and achievement of high density and bonding be-
tween components were very satisfactory in all six of the
ring seals.

WAED64. T15E- 15
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Sample #117 Sample #124 Sample #135

Note: Outer ring - metal, cermet ring, ceramic, cermet metal - center piece.

FIGURE 4. Mo-Al203 (Sample #117), Ta-Al203 (Sample #124) and Cb- Al203 (Sample #135)
Hot Pressed Concentric Ring Seals

.
A A i - A v g .
‘ T e R b A O B0 o,

R L VAN




c—< ome gmt PEE OO0 DEE DR OB o<

N G owms oww pEE DA P o

Leak Testing of Concentric Ring Seals

The following seals were tested at room temperature in a

Veeco Leak Detector MS-9 with one side exposed to 95%

N2+56% He flowing from a probe, while the other side was

under a vacuum of less than 10~ torr. The following re-

sults were obtained by comparing with a standardized

system leak rate:

Size of
eal, Inches

Sample Seal S
No. Type Dia. IE@[\

117 Mo-Al203 1.38 0.49
124 Ta-AlpO3 1.38 0.25
129 Ta-Alp03 1.38 (.25
135 Cb-AlgO3 1.38 0.256
140 Cb-Alp03 1.38 0.262

Degree of
Leqking
Det.cted Remarks
None Seal contained cracks

Excessive Seal contained cracks
Excessive Seal contained cracks
None Seal uncracked

None Seal uncracked

The above data indicate that leakage was not detectable for

seals #117, #135, and #140.

Although the Mo-Al9O3 seal

contained cracks, it was leak tight while the two Ta-AlpOg

seals were not. Perhaps this is related to the greater

length of the Mo- AlpOg seal. Sample #124 was found to

have an excessive leak rate at radial cracks with the helium

probe, but the interfaces between components away from

the crack appeared not to leak. On the other hand, sample

#129 showed a high-leak rate at the alumina and the inner

WAED64. T5E-18




tantalum cermet interface. The seal did not appear to

leak in the vicinity of cracks.

Cylindrical End-to-End Seals

(1)

(2)

Hot Pressing

Three more cylindrical end-to-end seals of the Mo-
AlpOg type (samples #56, #57, and #58 as shown in
Table II) were hot pre: sed in three-layer and five-
layer configurations. These were of a form suitable
focr deterzination ¢ f modulu- of rupture and corrosion
resistance in saturat. 1 potas-.um vapor. However,
only a modulus of rupture test was actually made and
the pians to fahricate Ta-AlpO3 seals of this configura-
tion were abandoned due to the cracking encountered

in the concentric ring seals of Mo- AlgO3 and Ta-Aly03.
It was decired to concentrate efforts instead on produc-
tion of ring seals of Cb-AlyO3 which did not crack.
Modulus of Rupture

The modulus of rupture was determined to be 32, 300

psi in three-point loading for a five-layer cylindrical
end-to-end seal of Mo-AlyO3 (sample #57) whose fab-
ricating conditions are given in Table II. This value

1.2y be compared with a modulus of rupture of 14, 500
psi for the three-layer Mo-AlyOg seal (sample #18)

described in the Second Quarterly Report. Photographs

WAEDG4. 75E-19




(3)

(4)

shcwing the fractured ends of sample #7 are pre-
sented in Figure 5. The fracture occurred in the
AlyOgq layer and not at the cermet-AlyO3 interface.

Potassium Exposure Tests

One end of a fractured Mo-AlpQ3 seal (sample #18)
containing only the 50 v/o Mo + 50 v/o AlgOg layers,
after it was broken in a modulus of rupture test, was
exposed to saturated potassium vapor at 850 C for
approximately 330 hours. As previously described

in Section III. A. 1., nochanges were observed visually.

Microstructure

The microstructures of the three-layer tungsien -
AlyOg seal (sample #21 in Table V of the Second
Quarterly Report) and of the five-layer Mo~Al304

seal (sample #7 in Table II of this report) at the
metal-cermet interfaces are presented in Figures 6
and 7. The dispersion of the metal and alumina ph: ses
was quite uniform in the cermet layer and good bond-
ing was achieved at all interfaces. Both the tungsten

and mclybdenum recrystallized during hot pressing.

Stress Analysis of Concentric Ring Seals

Visual

inspection of concentric ring seals made
of molybdenum and alumina and tantalum and

alumina revealed radial cracks running through

WAED®G4. 75E-20
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Etched 500X
Sample #21 Longitudinal Section

FIGURE 6. Interface Between 50 v/o Tungsten + 50 v/o A
Mixture (left) and Tungsten (right)

Etched 500X
Sample #57 Longitudinal Section

FIGURE 7. Interface Between 50 v/o Mo - 50 v/o Al, 04
Mixture (left)and Mo (right)
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the rings and terminating at the outer metal ring. It is surmised
that the crack was the result of a high tensile hoop stress in the
cermet adjacent to the outer ring when the seal cools from the
hot pressed temperature. The following calculations were made
to approximate the magnitude of the stress and determine the ef-
fect of the principal variables.
Let: Subscript ¢ refer to the outer cermet ring.

Subscript m refer to the outer metal ring.

The thermal expansion mismatch at the common

radius (R) is:

A

1l

<, R AT - &, RAT
where:
AT = (Temperature at which pieces are joined) —
(room temperature)
o< = Coefficient of thermal expansion.
This mismatch in expansion is accommodated by deflection of

the two rings:
A= Ac +(") Am

Sc Sm
A:R__-R ———
EC Em

A:R PR +R PR
Ect, Emtm
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where:
P = pressure at interface (+ @c) and (-@m)

Combining (1) and (2):

(o(c“ °<m) AT

P=R I, T
and
g . PR (o€ =€) AT
© L 1,1t
Ec. FEp ty
where:

Sc = hoop stress in cermet

te, t

m = thickness of rings

Eq, E . = modulus of elasticity.

m

Assuming equal radial thickness, the following values were cal-

culated for various metals used in a 50 v/o metal + 50 v/o alumina

cermet:
Metal Component .
in Cermet Sc (psi)
Mo 47,600
Ta 12, 300
Cb 2, 300

These calculations indicate that a much lower residual tensile

stress will result at room temperature if columbium is used.
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Therefore, columbium is the preferred metal, from a mechan-
ical standpoint, in a concentric ring seal over molybdenum or

tantalum.

The values used to arrive at the hoop stress (Sc) figures are

given below:
Modulus of Coefficient of
Elasticity at Thermal Expansion,
Room Temperature at Room Tempera-

Material E (106 psi) ture, oc (10-6per °C)

Aly0q 55 7.5

Mo 47 4.9

50 v/o Mo + 50 v/o0 AlgOg 51% 6.2*

Ta 27 6.5

50 v/o Ta + 50 v/o Aly0g 41* 7. 0%

Cb 15 7.2

50 v/o Cb + 50 v/o AlyO3 35% 7. 35%

*Estimated value representing the average of the individual
values for metal and AlyO3.

Pressure Sintered Insulators Representative of Composite Seals

A series of individual insulator test samples were prepared
using similar methods and the same raw material as the alumina
insulation incorporated in the concentric ring seal. These speci-
mens were prepared to measure the electrical properties of the
insulation independent of refractory metal effects. In addition,
microstructure specimens can be more conveniently prepared.
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Powdered alumina (Linde A, > 99.9% AlyO3) was mixed with

an organic binder to obtain green strength after dry pressing.

A 10% water solution of Elvanol (DuPont #75-05) was used re-
sulting in a dry press mixture containing 3% binder and approxi-

mately 0. 5% moisture.

Thin disks were dry pressed (0. 444 inch diameter x 0. 035 inch
thick) with this mix at 20,000 psi in a hardened steel die. After
pressing and oven drying, the disks were pre-fired at 1288 C in
a Globar tube furnace. This treatment removed the organic

binder and pre-sintered the disks to achieve sufficient strength

for subsequent handling.

Diameter shrinkages were determined after sintering and aver-
aged about 7%. On the basis of weight and volume measurements,

the disks were approximately 50% of theoretical density.

The pre-sintered specimens were stacked in a graphite die
(re-bored to obtain a clean and uniform I, D. ) with powdered
graphite spacers between disks. The die was inductively heated
to 1538 C for 30 minutes at 5,000 psi applied pressure. After
cooling, the pressed compact was ejected and the alumina disks

were separated from their graphite spacers.

The disks were cleaned and lapped; after this treatment they ap-

peared optically translucent. Density measurements were made
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by weighing the samples in air and in water. These results

indicate the specimens are very close to theoretical density.

However, this test is not precise because the sample weights

were very small and weight differences were in the third deci-

mal place.

a.

Microstructure

A number of hot pressed disks were polished with diamond
abrasives and etched in boiling, concentrated sulfuric

acid (3-7 minutes) to reveal grain structure. A series of
representative micrographs are shown in Figure 8 at three
different magnifications. These pictures show that some
secondary recrystallization (discontinuous or exaggerated
grain growth) has occurred. The overall grain size appears
to be smaller than Lucalox and distir.ctly different in shape.
Figure 9 shows a sample of Lucalox prepared in a similar
manner by polishing and etching in boiling sulfuric acid.
Lucalox grains are essentially equiaxed whereas the hot
pressed aluminum oxide sample consists of long, thin
crystallites. The long axis of each grain appears to be

aligned perpendicular to the direction of applied pressure.

Figure 10 shows a polished and etched specimen of Triangle
RR (+99. % recrystallized alumina). The grains are

shaped similarly to Lucalox; however, a number of pores
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FIGURE 8.

Polished and Etched Specimens of Hot Pressed (>99. 29%)
Aluminum Oxide Shown at Three Different Magnifications
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FIGURE 9. Polished and Etched Sample of Lucalox at 250X and 500X
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FIGURE 10. Micrograph at 250X of a Polished and Etched Specimen
of Triangle RR (+99. 7% Recrystallized Alumina, Mor-
ganite, Inc.)
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are evident within the grains (rounded black spots).
Grain pull-outs were a problem wiih this specimen and
these are evident by the larger black areas. Neither the
Lucalox nor hot pressed aluminum oxide materials show
evidence of pores in their microstructures, indicating
very little open or closed porosity is present.

Resistivity Measurements

Several hot pressed disks were electroded (fired on plati-
num) using the techniques outlined in the Second Quarterly
Progress Report. In addition, the same fixturing and fur-
nace was used as previously described. D-C resistance
measurements were made in flowing argon at various
temperatures up to 850 C. Volume resistivity was calculated
from sample and electrode dimensions. Resistivity vs.
temperature is shown in Figure 11. The sensitivity i the
test equipment available and high-sample resistivity did not
allow resistance measurements to be made below 400 C.
Nevertheless, the data obtained at higher temperatures
show that the samples have resistivities in the same decade
range as Lucalox and high purity, single crystal, synthetic
sapphire. (Reference: Second Quarterly Report and Linde

Co. Bulletin F-814-C.)
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TEMPERATURE C

Resistivity Va. Temperature For Hot Pressed
Aluminum Oxide (>> 99. 9% Starting Material)
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C.

Magnetic Properties

1.

Comparison of Magnetic Properties - 5% Al-Fe, 3% Al-1%

Y-Fe and Cubex (Cube oriented 3 1/4% Si-Fe) Alloys

The total a-c core loss, apparent power, and d-c¢ magnetiza-
tion properties of 5% Al-Fe and 3% Al, 1% Y-Fe alloys are
shown in Figures 12 through 23. The 5% Al-Fe alloy was an-
nealed at 980 C in hydrogen both dry (enirance dewpoint, -60 C)
and wet (bubbled through water before entering furnace). The
oxide developed using wet hydrugen on the 5% Al-Fe spalled off

as a fine powder showing a complete lack of adherence.

The 3% Al, 1% Y-Fe alloy was annealed at 1180 C in hydrogen
both iy (entrance dewpoint, -60 C) and wet (bubbled through
water before entering furnace). The oxide developed using wet
hydrogen was thin and tightly adhering. The annealing temper-b
att 1180 C, was used to determine whether further grain
growth would oc.ur over the lower annealing temperature used

for the 5% Al-Fe ailoy of 980 C. No further grain growth oc-

curred.

The comparative magnetic properties of 5% Al-Fe, 3% Al-Fe,
1% Y-Fe alloys, and Cubex, all 0.011 inch thick, are shown in
Table III. The Al-Fe alloys show no improvement in either a-c

magnetization at 400 cps or a-c core loss properties over Cubex.
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Potassium Vapor Exposure - Effect on Magnetic Properties

The effect of exposure to potassium vapor at 600 C for 500
hours on Cubex, Hiperco 27, and Armco Ingot Iron is shown

in Table 1 V. There is no significant effect on a-c core loss
and d-c magnetization at the proposed operating level of 80 KL/
in.2, The complete a-c core loss, apparent power, and d-c
magnetization properties of Cubex, Hiperco 27, and Armco
Ingot Iron are shown in Figures 24 through 32.

Chemical Analysis of Magnetic Materials

In Table V, the chemical analysis of the experimental heats of
5% Al-Fe and 3% Al, 1% Y-Fe are shown. The chemistry goals
were reached except on Heat 664 where the yttrium is lower than

desired.

An analysis made of a sampie of Cubex after exposure to potas-
sium vapor at 600 C for 500 hours showed no significant change
in silicon content from normal. There was 2. 9% silicon in the

sample after exposure.
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TABLE III. Comparative Magnetic Properties of Cubex: 5% Al-Fe; 3% Al, 1% Y-Fe

Material

0. 011 inch Cubex

0.011 inch-5% Al-Fe
Core 7

0.0!1 inch-5% Al-Fe
Core 8

0. 011 inch-3% Al,
0.62% Y-Pe
Core 9A

0. 011 inch-3% Al,
0.88% Y-Fe
Core 8

Heat

Treatment

800 C
Dry H2

980 C
Wet Hp

880 C
Dry Hy

1180 C
Wet Hj

1180 C
Dry Hap

Insulciion

Mica Aluminum
Ortho Phosphate

0. 25 Mil Mylar

0.25 Mil Mylar

Oxide

0.25 Mil Mylar

A-C Properties

P¢, Total Core Loss,
in watts/1b. @ 80 KL/in. 2

(~-12. 4 KG)@ 400 cps

13

16.5

16.6

37

D-C Properties
H, Oersteds
@ B-80 WF\:—..N
(~-12. 4 KG)

1.8

14

10.2

14

18.8




88-%SL voaavm

TABLE 1V, Comparative M
Iron Before an

Material

0. 008 inch
Cubex,
Core 2

0. 006 inch

Core 2

0. 008 inch

Riperco 27,
Core 1A

0. 008 inch

Hiperco 27,
Core 1A

0. 008 inch
Armco Ingot
Iron, Core 3

0. 008 inch
Armco Ingot
Iron, Core 3

Insulation

0. 25 Mil
Mylar

0. 25 Mil
Mylar

Linde A

0.25 Mmil
Mylar

0. 25 mil

Initial
Heat Treatment

Stress Relief-

Annealed, 900 C,

1.5 Hour, Hy
Stress Relief-

Annealed, 900 C,

1.5 Hour, Hy

Annealed, 900 C,

1 Howur, Hg

Annealed, 900 C,

1 Hour, Hy

Annealed, 900 C,

1.5 Hour, Hy

Annealed, 900 C,

1.5 Hour, Hgy

agnetic Properties of Cubex, H
d After Potassium Vapor Exposure

Special
Treatment
—————

None

Exposed to
K Vapor @
600 C, 500 Hours

None

Exposed to
K Vapor @
600 C, 500 Hours

None

Exposed to
K Vapor @
600 C, 500 Hours

A-C Properties
P, .Ho.nl.nm monm Loss in
Watts/lb. @B-80 KL/in. 2
(~12.4 KG) @ 400 cps

7.8

8.0

21.3

20.8

23.0

22.2

iperco 27, and Armco Ingot

D-C vnmﬂzou
» ” »

@ B-80 KL/in. 2

(~12. 4 KG)

3.6

3.8

£ 8

4.4

4.0




TABLE V. Chemical Analysis - Percent by Weight of Iron Base Alloys

5% Al Heats 3% Al, 1% Y Heats

Elements _6_63 §§§_ _(_591 §§§

Total C 0. 02 0.02  0.03 0.03

Mn <0.01 <0.01 <0.01 €0.01
P 0. 002 0.002  0.003 0. 003
S 0. 008 0.006  0.006 0. 006

Al 4,92 489  2.93 2. 90

Y <0.01 <0.01  0.62 0.88
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FIGURE 12. D-C Magnetization of 0,011 Aluminura Iron, Mylar
Insulated, Annealed Dry Hydrogen
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Dry Hydrogen




ll'l'l[__«.[{{[[[[[[[

GHE GEE GNE NN ANE NN G BN N e ey Y an Y G B BN & =

0.011 Aluminum Ircn
. |4.89% Al-Fe Heat #663 ? 3
@  |2-1/4 x 2-3/4 Rowland Ring ===45 H
mw Annealed for 1 Hr. in Dry Hy at 980 C 5 3
0. 00025 Mylar Insulation it
m 0.51 Pounds i i
> o, Pri. and Sec. Turns at 420 i
> wn 9gof Room Ambient . :
m 11, 20. 64 i :
r w Core 7 i ! .3 :
b 4 H t s POBNE 04l T
3 SESEE N . - LTSRS 1
M = moow shatiiil 1441114
[] N B i L3 1]
m m > i 23 l_lr ’
b e
& 50k~ 5 : g
N AH 3 r..w.m.wx 23t
= - it R
m =4 3 FHE R & :
SEIRIIHE 4 w: S H ‘-
o 20 gEECt i i X - 300cps
I : i = o - 400 cps
i ] 1 ! A - 560 cps
E it i i y
10 100 500

PA-APPARENT CORE LOSS IN VOLT-AMPS PEL: POUND

FIGURE 14. Apparent Core Loss of 0. 011 Aluminum Iron, Mylar Insulated,
Annealed Dry Hydrogen




T .- w v | Saaan |} vy 9 L 2 ¥y 9

-

. e
3 YT T T ' T
P . T 45 e bo T oo T
beede 4 foqes o 94 g &e 1 -4
ve ol $ + t °e
Ies o + 44 4 » yas
M 3 ’e 94
03 ¢ Rese
13 - 94 4+ + . oo by -
e 3¢ S0t o 3 ¥ pe: 1 b
133 o3 4 13eeeifer 1323322 T 2 +
118 * 33 3 s j3 & 49 3L, et 3
@ * . b4 bo o ps o b4
1154, 339 4028 it : o 1433 o4 : 3
1311 18388 SEEL3IS 4 pes oges . 2332, : :
+44 [3Eep3ses $d 331 3321424 1335 ¥ H
.
18 - : :
3 seses
saias
3ot sesssss
$ +
B+ 1, +
<38 :
g3 :
Bt 4
R : o4
. »
=3
s . o4
>0 ded lx
1823 T T
+ . o
I53e .
33t .
142y T
LT H
RS .
: : 23311
k3
[1:4
14 'x
338 [N
t s
b +
4 3 e
[553¢ 59449 34
o S3838 1238380088 pe0es s } i
=) : H
:
: 1 oe |
e
< s izageias
13y |
§ x
13333
re
t
serge gl
e |
3 e |
333
.o -
as &
T 1
T 13
: H
e |
+
e ‘ot
<
e
[ ] + 2e
1t
113+
sessiset
3
34
D nﬁ
e 2 |
t ve |
+
e &
t
. vo3
4 -
3
T
e Tt
IS232E2Es 1332 T
20984 8¢ 1334 3N

s s St thb 0.011 Aluminum Iron
Lol e 4,92% Al-Fe Heat #662

; HEEE 9-1/4 x 2-3/4 Rowland Ring

s
13
2
H
mn
04 99
12

T = Annealed for 1 Hr. in Wet Hgy at 980
.i»x g ae 0.5 Pound
L 0,00025 Mylar Insulation

s Pri. and Sec. Turns at 420
Room Ambient

s 11, 20, 64

% Core 6

11

C

16 24 32 40 48 56
H-MAGNETIZING FORCE IN OERSTEDS

FIGURE 15, D-C Magnetization of 0.011 Aluminum Iron, Mylar
Insulation, Annealed Wet Hydrogen

W.AED64. T5E-41




ua30IpAH }9M pareauuy
‘payensu] Te[AW ‘UoJ] WMUTWM{V (10 0 JO 8SOT 310D

ANNOd H3d SLLVA NI SSOT FHOD-2d
0S o1 S Z

‘91 TUNDLA

n

TR m
9 330D f,g

$9 °0T °11

Iy wooy !

02y ye sum] °09g pue ‘rid

uoryemsu] Je(AN $Z000 0

i
[

Q
(]

punod G °0

D 086 T CH 39M U1 "JH ] JOJ paresuuy 3¢ s 2322481

3wy puemod §/€-2 X ¥/1-2 ot Tl R
299# 18 aJ-TV %26 ¥ [jfiiiiih L i il iERRERE

uoJ] umutumyy 110 °0 33487 . : 111 3 1313

i SR R R R R ] cobd (H i i 1433415
.. i ;s H: i :J : i +30g

5t i . 3 bis g =

i 1 ! 1 3 -3

0% S 0 ) O SOEE TSI e G : it SEESEESE

i 1§ $ ] 33

il
LA
&

‘0S8 4dd SANTITOTM NI ALISNIA XN1d-€6

-+ ™ S TN PPy FI N 4 ﬂ* 14 b . +41 III
’ ... : Cidide b + . L E - —4 —d
ﬁuu., > " %H
o v 0o » . 0,54» oa - .v vl.*v\n 1
S P g quA . ! i 14441 AAM —4
0. 10 o;ﬂt R BN ' ' m
N R .. ¢ '
1600 Y SO0 DOROR e 1l HERDINOSN IORRESOTDS DIN SRR IS .MHN sdd 00¢ - v :
[ e Y 04
w SEI0ETRT RUNE: " i sdo ooy - « 002
o .”M:,: SERRE e il 8do 00¢ - x
fotesd .o §odd + e ! H
it HHI R RCE! . Hhinii edo 002 = O
e sitristedrt i w g Sy 1438 1000 i Ht 1iitatd N
L —— — _— S T D — —— S— . U s et — - -

WAEDG64, 15E-42



ua301pAH 19M paresuuy ‘payemsu]
Je[AW ‘uoJ] umutumiy [10 ‘0 JO s80T 3x0D jareddv ‘L1 TUNDIJ

ANNOd ¥dd SAWV-LTOA NI SSOT FHOD ILNAUVIAV-Yd

001 o1
STIA0G TERATARIHAL. r
D Rt
i 111 ] i o i 44 JITTT-
+ + T 133
.4 - 4+ 4+ 4+
w : i 1
= -
1! 113 13 m
b i :
= BB
et SRS s 00 00 SOOY W ol SRS DAOO DODOS BRI
3 . 9 930D
y+o+ ° .
111 $9°0¢°11
i1 JuaIqUUY Wooy
3 02y Te suIn] °*0aS pue ‘rid

uorensul TeiAIN GZ000 0
punod G *0

D 086 Y& CH 319M U1 ‘“IH [ JOJ pafeauuy
Sury pueimod ¥/€-2 X ¥/1-2

299# YedH 34 -1V %26 ¥

uoJ] wmurwmiy [10 0

10

114

0

0

S

0

0

1

(4

NI "®S 4d3d SANITOTDI NI ALISNHT X(OTd -4

.

WAED64. 75E- 43



48

>4 T T T TRITE j222 43208 pupes vune:
B3 230eiBRese 18ESIoRss SEnszssy

741 AR B o thes: oait ool &)
Ji52Tes SERRT RO S2 0t foset sptaa L -
i i o © =
1232825 S20232R20t LT2L 2R [«"s] (@)

FESS3E: cERES SOats resetistet HHEST SIS w0

Haagieg.Lignyny ?m‘ T3l o -u

i 4
o g
T e
> o

8

=

oy=d

1num

-

ulation

40

Yttrium Iron
Fe Heat #665
Ring

88% Y-
3/4 Rowland

Annealed for 1 Hr.

t

inum

ien

32

Sec. Turns at 420
NETIZING FCRCE IN OERSTEDS

0

1/4 x 2-
d

Room Amb
20, 64
Core 9A
4
f0.011 Alum
Annealed Dry Hydrogen

11

48 Pound
i, an

2

011 Alum
% Al-

9

0, 00025 Mylar Ins

ation o

0.

. 2
2-
0.
Pr

1Z

WAED64. T5E-44

1 . hd
B 3332 S35 IO
gl 113} % Y =
HHET ik
38E 1301 3 st <
.. : 13t 17 pooe M
+ 4 IR2 ERR2S
: st besecstiss i

H

La04iid ity
IERTE 20T Lott

i
1
G
D-C Magnet
Mylar Insulated,

12323

POy ey

133 3522222220 SRRPRIGITE s PS¢

gefracidiilt

oG TR ATV LI TRTTT

I3
No
<1 T T
SIIlIIIRLoTISICIL bos ‘uunwﬂuu. AT
FEStS sty stots totls Rt TReS: b s Bt e

(== ©
e i

SSNVOOTID NI NOILLONQNI-&

FIGURE 18.

[

o o L e L A LA b . SRR : g - o b 5 -




. u230IpAH A1 paresauuy
payemsu]l Je[AW ‘UOJ] UMIINX WNUTWMIY [[Q "¢ O SSOT 8100 ‘g1 TUNOILA

ANNOd ¥3d SLLVM NI SSOT 3 00-24
(1] ¢

V6 810D
¥9°02°11

.
B XX SRY TS SN

(=]
=
-

JUSIqUIY WIO0Y

e
-+
4
i
- RO
+ 4 voes
|
4t
S
—

i ! RE300RARN T
M T
T | bR aeRanEm
pass S il HHHEEY ] w
-y ; i M .
4 T 1
IR R H -4 —4-4 b deabdld {1 ; 4 J QS WD WO YHM
. PR 43441 b4 do ; ! rITH I11 4
sl it O OO IS B B 111”7 ‘TT e e
ISEEE SRR B S = S0 (R G A Fbe - 4- 4 m
.H'¢ HL.H B 4 v\vw wm‘gliv.ol' T T I — QN
4 Iy M I R SNLITE Loy pam +- IR G . a
BOGE B + 4 R — 5 4 1
MR IR SN janaet MR BN S R G S 3
BEES SRR B e o= o S ISSEEEERRE Z
‘HN. BN s (v v i a3yl n
SRS RN .w“ MRS PN IS
o s b ©ob-s 1 ISR SE BEFEIEN m
Tt o <l IS S SN ’
SERNPS of SRS EREE P S
o St SR b =
i SRR ERRRE N IR B
g e slog B
P : : i P
i 1it IRRE N E |y
P ESE: RS E e O
g SESED AR E B
E b SR Svam 4 - 4 —eaw L3
z w
(7))
]
=]
o
)
')

) SN 1 £ N PSR O
i e o A i _ i i frds s : 0Zp T€ sum], °*08S pue ‘lig
DU U DY DS — e AL iessdesid oot vt + + ;.L., ,!L -
R B B e IR COT Yrey POPPY B O.Hﬂo % -t !H.; - punoq 12474 0
I o T T g Jowemsul relAIW z000 °0 .
£ et e il i o0 0811 T8 8 Aa@ ur taH | 10 paresuuy 2
........... l T b Coe e *
s 12 RO EPLE) St e et e LIS Se =8 Rod R BT PURIMOY §/€-C X 5/1-2 1002
1 S0 O R SRR T8 Se PR R E S99# JEOH 34 -X %88 "0-1V %6 °2
R e T e e UOJ[ UMLITX WmMUIWmMIY 10 °0
4144 LJ- 1<~=3 ittt mw?w;w W»m %Mm» Hl 1 vlw - H.H L

BN EN R e el bk bl pemd e ] ] eed el e eeeed e e

WAEDS64. 75E-45



ua30IpAH £1( paresuuy ‘paremsu]
Te[AN ‘UOJ] UMLIPX wWnUtumy 110 °0 JO §507T 3103 jusreddy -0z JUNDIA

ANNOd ¥3d SNV -LTOA NI SSO'T FHOD LNAUVAGV-Vd
00¢ 001 o1

fefa T L L T T ] , f ?
38 1 11 1081 16454 0088 ¢ : |
sdd 00S - v m‘tﬁm, Il wm _ e 0 m
g bt o008 +v - _b ¥ 4
S °°¢ - JOOS 2008 lwwvﬂw?w + o4 3o 0s nR e
sad gog - x et I e s S s z
sdo ooz - G SR LE
o sgtes UNR MDY R I ogs &.ummlﬂw.o.
G RS S i SRS B
] [RER A
E T

MR v
238! V6 910D
e $9°02°11 {io07
it jUAIqUIY WOOoY
02y fe suIn], °*09S pue °rid
: punod 8% °0
T uoryernsu] JefAN 52000 "0
D 0811 ¢ ¢H £1Q Ut “IH [ 0§ paresuuy
Bury puelmod ¥/¢-2 X $/1-2
S99# TeoH dd-X %88 "0-TV %6 °2
B UOJ] WMIAX WnUTWMIY 110 °0

-d

‘NI "OS Hidd SINI'TOIDI NI ALISNAT XN'1d
WAED#B4. 75E- 46



18

— —
[ ] NN

B-INDUCTION IN KILOGAUSS
[y
o

FIGURE 21.

.....

16 o

........

0.011 Alumin

2.93% Al-0.62% Y-Fe Heat #664
2-1/4 x 2-3/4 Rowland Ring

Annealed for 1 Hr. in Wet Hg at 1180 C

Oxide Insulation Induced During Annealing

0. 49 Pound

Pri. and Sec. Turns at 420

Room Ambient

11,20.64

Core 8

8 16 24 32 40 48 56

H-MAGNETIZING FORCE IN OERSTEDS

D- C Magnetization of 0.011 Aluminum Yttrium Iron,
Mylar Insulated, Annealed Wet Hydrogen

WAEDG64. 75E-417




wa30JpAH I13M pafeauuy ‘payernsu]

JE[AW ‘UOJ] uUMIIPX UMUIUMIY [[Q "0 JO $SOT 810D °2Z FUNDIA
ANNOd ¥3Ad SLLVM NI SSOT FH0D-Od
0S o1 4
add DL _%ij@f prad o L IR B
SISY 5500 SN BB B ] O s L1ilel 4]
sdo 00S - v “* HHH TYTH ﬁuyﬁlﬁ i .f W i M__ i 1 +f l
sdo gop - ok sty TR i 184l 1
sd> gog - x b & 8 1%1. i ; ] =
B e e 40z
E w‘wrw
i Hog
4411574
X P BN SR AL A S S
1 8 910D
T $9°02°11
jusIquy wooy 001
0Z¥% T suan], °993S pue °‘rad
punod 6% °0
mEHmSE Surang paonpuj uoryeINSU] PO
D 0811 78 °H 19M UT °“JH [ JOJ paresuuy
- 3ury pueimod y/¢-2 X ¥/1-¢ |00¢C
s ¥99# ¥e°2H a4 -X %29 "0-TV %€6 °C
: m UoJ] UMIIPA umutumiy 110 °0

‘NI 'OS 43d SANITOTII NI ALISNIA XN1d -4

WAED64. 75E-48



M s — R - — -

uaB0JpAH 19M Pareauuy ‘parensu]
Je[AW ‘uoJi umMIIRX wmuiamMy [10°0 Jo 8s0T 310D Jareddy ‘gz JUNDIL

@:1NO0d ¥Ad SdNV-LTOA NI SSO'T THOO LNIYVAdV-Yd
00S 001 o1

g 910D A
$9°02°11
juaiquy wooy 008
0Zb T& SUmML °03§ pue ‘rig

WAEDG64. T5E-49

punod 6% 0
1 T Erfdummesuuy 3utan paonpu] uolje[nsu] apwxQ
FIUTEEE D 0811 ¢ CH 39M UT “IH | JO] paeauuy
Suty pueymoy ¥/€-2 X ¥/1-2
H =, v99# 1E9H 94 -X %29 "0-TV %€6 "2
uoJ] umiIX wnuUlwmiy 110 *0

200N D000 00006 $ESUE DR BIBER NEd. H: AN IORE A0 0K TN DRAEE 2808 TR

90 J00st HtH il JaL _r NI te " }
sdd 0o - v [ BRRR G SRR . i et 4dy o LU LT3 4 : 8 111444 w

» g a2 o g
g o heses .+ PO FY I + + 1 004 g 4 44 []
sdo goy - < ipiliHE Hiiind B : i1 my
sdd oog - ISERE = S ny = -
d SERE = e 3 i m

$4dd 002 - T ELE ‘rﬂm
i E il
§ S - =)
% ) 3t = 254 :
5 R i M
,ed - -
8 S0 S :mu.il-- = <
D 0 L Y . i E | . 2
; ; it i o 1 I EERTE 57 31 0 FUEL EPON SO -+
- i : il B4k A I 1Y iR M N

b . FREERY oo ...h... ceee #’ SUU S P D ...HM. oo 8~ m
4o . s e SO0 TOUOF UUTY RPN SO FOONS I B *.. .qa» m
(4]
o
(o]
X
wn
£

‘NI

R N o ok o d bend bed Omd beed oo ol O B DD BB R W W



v— r— o=ws enn o S TR =

——

-

= 0, 008 Hiperco 27 Annealed
i 2-1/4 x 2-3/4 Rowland Ring
i After exposure to potassium vapor
i i at 600 C for 500 hours.
p.% 0.518 Pound
0, 00025 Mylar Insulation
-+ Pri, and Sec, turns at 400
; oom Ambient
12.9.64
Core 1A

B-INDUCTION IN KILOGAUSS

. . Annealing Data

i Annealed at 900 C for 1 Hr. in Hg
Lo =62 C Entrance Dewpoint
Fast Cool

[ FOPN-R S Y TR PP

8 16 24 32 40 48 56
H-MAGNETIZING FORCE IN OERSTEDS

FIGURE 24. D-C Magnetization of 0. 008 Hiperco 27, Mylar
Insulated, After Exposure to Potassium Vapor
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Insulated, After Exposure to Potassium Vapor
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D.

Conductors

1.

Nickel-Clad Silver

a.

Electroplating Exposed Silver Core and Silver Braze Joint

Two samples of the (28%) nickel-clad silver conductor
were prepared for nickel plating. One sample consisted

of a 6.5 inch piece of No. 6 AWG nickel-clad silver con-
ductor that had both ends rounded and polished. The other
sample was two pieces of the same clad conductor with ap-
proximately a 0. 75 inch length from one end of each piece
ground through the nickel cladding to the silver. The ex-
posed silver cores on the two pieces of conductor were
clamped together side by side and silver brazed. The rough
edges of this braze joint were rounded and polished before

plating.

The nickel plating bath was a small laboratory set-up using
a pyrex dish as a tank and a small laboratory stirrer to
keep the solution agitated. The solution consisted of 60 oz/
gal. nickel sulfamate, nickel metal 10.2 oz/gal., boric
acid 4.0 oz/gal. and a commercial anti-pit agent (wetting
agent) 0. 05 oz/gal. The density of this solution varied from
29-31 degrees Baume'. The anodes were rolled and pre-
polarized ) 99% purity nickel. The electrical conditions
were 1-2.5 volts d-c at 0. 25-0. 5 amps. Temperature

during plating varied from 32-60 C. A 0. 005 inch-thick
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coating of pore-free nickel was deposited over the ex-
posed ends of the No. 6 AWG conductor in approximately
six hours using this technique.

b. 500- Hour 600 C Potassiumn Vapor Exposure

Figure 33 shows a sample of No. 6 AWG conductor with
the #nds nickel plated. This sample has been exposed

to potassium vapor at 600 C for 500 hours with no apparent
damage to the conductor. A micrograph of a section made
on the nickel-plated silver braze (BT alloy) joint that was
also exposed to 600 C potassium vapor 500 hours, see Fig-
ure 34, shows this method of nickel-plating protects the
silver from the corrosive action of potassium vapor.

2. Columbium-Clad Copper Conductor

a. Fabrication

The First Quarterly Report described several 70% columbium-
clad conductors. The 70% columbium-clad copper and silver
conductors were outside the requirement of 150% resistivity

of OFHC copper. Columbium -1% zirconium tubing 0. 626
inches I. D, with a nominal wall thickness of 0. 027 inches

was obtained from Nuclear Metals Corporation, Summer-
ville, Massachusetts. A dispersion-strengthened copper

: . was obtained from Handy and Harman. This conductor

material and tubing were drawn into wire by the Westing-

house Metals Division at Blairsville, Pennsylvania. A
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FIGURE 33. Nickel-Clad Silver, No. 6 AWG, Conductor (28%
Cladding) Exposed Ends Protected by Nickel
Plating, After 500-Hour, 600 C Potassium
Vapor Exposure
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Nickel Plating

Silver Core Nickel Cladding BT Silver Braze

FIGURE 34. Micrograph cf Nickel Plated Silver Braze Joint
After Exposure to 600 C Potassium Vapor for
500 Hours
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Dispersion-
Strengthened
Copper 8

Core §

Columbium
Cladding

FIGURE 35. (28%) Columbium - 1% Zirconium Clad Dispersion-

Strengthened Copper Conductor, No. 6 AWG
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No. 6 AWG (28%) columbium - 1% zirconium-clad disper-
sion-strengthened copper conductor was made by this
technique. An edge of this clad conductor is shown in Fig-
ure 35.

Tensiie 'I‘estin_g_

A five inch length of this No. 6 conductor was clamped in
the serrated jaws of a Baldwin Tensile Machine. The
piece of conductor was pulled apart and the cladding came
off the copper in the form of a small tube. The tensile
strength of the conductor was approximately 62, 000 psi

at room temperature (23 C).

3. Rhodium Conductor - No. 22 AWG

a.

Potassium Vapor Exgosure

Two small three inch lengths of No. 22 AWG solid, float-
zone-refined, rhodium conductor were obtcined from the
WPAFB project engineer, Mr. L. E. Schott, for 850 C po-
tassium vapor exposure. One of these pieces was placed

in a capsule with purified potassium and heated at 850 C for
172 hours. The weight change data in Table I shows a gain
of 0. 0011 grams, 1ndicating the potassium vapor had very
little corrosive action on the conductor. A sample was also
vacuum annealed four hours at 850 C.

Physical Examination of Rhodium Conductcr

Comparative hardness measurements on rhodium wire were
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made on the as-received conductor, after exposure to
potassium vapor at 850 C. and vacuum-annealed at 850 C.
The Knoop hardness values at a 300 gm loading were: 431
for the as- received rhodium conductor, 172 after 850 C
potassium vapor exposure and 248 after a four-hour vacuum
anrieal at 850 C. Micrographs of rhodium wire are shown

in Figures 36, 37 and 38.

The exposure of rhodium wire to potassium vapor for 172
hours at 850 C and vacuum annealing at 850 C for 4 hours
increased the ductility and grain size and decreased the

hardness 2s compared to as-received rhodium wire.

E. Transformer Fabrication and Electrical Testin_g_

1.

Preliminary Test Transformer - Electrical Testing

The preliminary test transformer described in the Second
Quarterly Report, consisting of 50 turns of No. 22 AWG wire
primary and 5 turns of No. 6 AWG wire secondary, was canned

in a stainless steel test capsule with an electrical terminal seal.
The test capsule containing the transformer and 0. 8 ohm resistive
load, shown in Figure 39, was placed in an inert atmosphere
(argon) furnace. A separate heater was inscalled in tue furns e
to heat the electrical terminal seal, thus preventing condensation

of potassium vapor on the ceramic portion of the terminal seal.
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L. FIGURE 36. Rhodium Wire, as-received; 0.0254 inch O. D.
Electrolytic Etch, Conc. HCL (100X)
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FIGURE 37. Rhodium Wire, After Exposure to Potassium
Vapor @ 850 C for 172 Hours; 0. 0254 inch O. D.
Electrolytic Etch, Conc. HCL (100X)
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FIGURE 38. Rhodium Wire, Vacuum Annealed @ 850 C for
4 Hours; 0.0254 inch O. D. Electrolytic Etch,
Conc. HCL (100X)
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FIGURE 39. Preliminary Test Transformer - Plasma Arc
Sprayed Alite A-610 (89% AlyOg - 1% MgO)
Insulation and Insulators - With 0.8 Ohm
Resistive Load
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Condensation of potassium vapor on this seal may occur if the

capsule temperature is higher than the seal temperature. This

preliminary test t.-ansformer was designed to give data on

electrical tests in potassium vapor at elevated temperature

and indicate potential problem areas before proceeding with a

more sophisticated test transformer.

a.

Electrical Testing in Argon at 23, 300 and 600 C Ambient

The argon furnace was evacuated and flushed with argon
containing {3 PPM oxygen. An argon atmosphere at 3
psig was used to protect the columbium - 1% zirconium

electrical terminal seal.

The transformer was energized by applying various a-c
voltages to the 50 turn primary winding at a 400 cps fre-
quency. The corresponding current values from these
voltages were recorded and plotted to obtain load curves

at the varying temperatures. The nichrome wire resistive
load varied from 0.8 ohm at 23 C to 0. 86 at 600 C. Fig-
ures 40, 41 and 42,respectively, show how the electrical
input requirements of the primary varied with temperature.
These experiments were run so effects due to temperature
could be subtracted from effects due to temperature plus
potassium vapor.

Electrical Testing in Potassium Vapor at 23, 290, 330,

and 450 C
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A 20 gram quantity of purified potassium containing <50
PPM oxygen was introduced into a test capsule via a stain-
less steel fil' tube. The capsule was then connected to a
high vacuum line (10-9 torr) and evacuated. All the loading
and other manipulations were done in an argon-filled glove
box with a measured oxygen concentration of {3 PPM.

The vacuum line was also inside this glove box.

After the capsule was cut from the vacuum line and welded
shut, it was placed in a vacuum furnace. The transformer
was energized at an ambient temperature of 23 C. The
temperature of the transformer went to 93 C and data points
taken were again plotted. At a reading of 120-130 volts a-c
and 3. 5-4. 0 amperes, an arcing noise was heard. The ap-
plied test voltage was immediately switched off and the test
was stopped. The test was resumed again after a waiting
period of approximately two minutes. The second set of
data points varied considerably from the first set and the
temperature was lower (maximum of 49 C). Figure 43
illustrates the difference in input voltage and amperage.
Resistance readings, taken across the primary coil after
testing, indicated no change in the d-c resistance ( ~10

ohms).

WAED64. 715E-173
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The transformer and capsule were allowed to cool after
testing at 93 and 49 C before going to the higher temper-
atures. Potassium condensed on the transfor.ner and

the ceramic-to-metal seal causing a direct short. The
short opened at 116 C and tests were run at 290, 333, and
450 C. Figure 44 shows a comparison of load data taken

at these temperatures.

A separate heater surrounding the electrical terminal seal
was vsed on the first tests to prevent condensation. For
the last three test temperatures, however, this heater was
deliberately not vsed. This was done to determine the
nmaximum temperature differential that could exist between
an electrical terminal seal and a device electrically ener-

gized and operating in a saturated potassiun vapor.

When the terminal seal temperature was ~377 C and the
transformer temperature reached 527 C, a short circuit
developed blowing the fuse in the ammeter. The fuse was
replaced and the terminal seal temperatwe increased

slowly. An indicator current of one ampere was used to

teil when the shorted terminal seal would again have a high
electrical resistance. Al 15 C cver the transformer temper-
ature of 527 C, the short circuit opened; however, the

transformer could not be energized as had been done prior

WAED64. T0E-T5
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to this short circuited condition. Resistance reading of
35, 000 ohms instead of 10 ohms across the primary in-

dicated an open condition existed.

The furnace was cautiously opened but no potassium leaks
had occurred and the terminal seal was intact. Visual
examination of the position of the primary lead wire to the
terminal seal by means of an intense light beam transmitted
tarough the translucent Lucalox portion of the s.al indicated
the primary transformer lead may have come loose from

the crimped portion of the terminal seal.

The operation of a transformer in saturated potassium
vapor appears possible at the condition of 120 volts a-c, 4
amperes, 400 cps, and 450 C based upon the cursory data

available to date.

2. Ceramic Coil Form Transformer

a.

Fabrication

The construction of the ceramic coil form transformer is
shown in Figures 45 and 46. The primary coil forms have
515 turns of No. 23 AWG nickel-clad silver. They were de-
signed to be wound with a continuous winding of conductor
and to slip one inside the other when wound. The secondary
winding has 11 turns of No. 8 AWG nickel-clad silver that

has been plasma-arc sprayed with approximately three mils

WAED64. 15E-T17
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FIGURE 45. Ceramic Coil Forms Wound and Assembled -
Primary Coil Forms and Secondary Coil Form
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FIGURE 46. Ceramic Coil Form Transformer
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of nickel aluminide followed by two mils of high-purity
alumina (Linde A 99.99% AlyO3). The core was fabri-
cated from 0. 008 inch Hiperco 27 with a plasma-arc
sprayed alumina insulation.

Electrical Testing at Room Temperature

The transformer was assembled and preliminary tests
were made to determine its characteristics. Short cir-
cuit and open circuit tests were made to show variations
as input voltage and frequency were varied. Table 6 shows

this data.

With the conditions specified in the contract, the maximum
flux is obtained at the maximum input voltage of 1000 volts

and the minimum frequency of 400 cps.

The short circuit tests, with 50 amperes short circuit cur-
rent, show that the volfage required to overcome the leak-
age inductance is approximately 75 volts at 400 cps. It
increases as expected almost proportionally with frequency
to about 180 and 540 volts at 1000 and 3200 cps respectively.
Short circuit tests are generally made at conditions where
there are little or no losses other than the conductor. The
characteristics of the transformer are such that the flux in

the core remains almost constant as the frequency increases.
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TABLE V1. Ceramic Coil Form Transformer - Electrical Test Results
at Room Temperature
Short Circuit Test
Based on 1000 V Input
Frequency *Input Input Input Impedance Leakage Induc-
(cps) Voltage Amps Waits (Percent) tance (Percent)
400 86 1.08 44.8 8.6 1.5
1000 190 1,06 64 19.0 18
3200 560 1.06 155 56 54
Open Circuit Test
Core
Frequency Excitation E«citation Loss
(cps) Voltage (Volt- Amperes) (Watts)
400 100 2.43 1.6
500 44.2 217.0
1000 418.0 102. 0
1000 100 1.48 0.8
500 23.3 16. 4
1000 80. 3 61.5
3200 100 - -
500 13.45 9.5
1000 44,3 37.0

*The input voltage shown at short circuit conductors is that required to
overcome the transformer impedance, causing 506 amperes to flow in the
short circuited winding.
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The flux level is low enough that, at 400 cps, little or no

core loss is present.

At 1000 and 3200 cps, there is more core loss present
which would account for the deviation of the impedance volts

from the proportional.

The short circuit tests show that a load current of 50 amperes
cannot be produced with 1000 cps - 100 volts, or 3200

cps, - 100 and 500 volts output. Tests also show there is
considerable increase in conductor losses as the frequency
increases. The increase in losses may be caused by higher
eddy current losses, by skin effect of the current, by the
higher resistance of the conductor surface, or by any or

all combinations.

_ The open circuit tests show the core loss is in the expected

range and that the interlaminar insulation is satisfactory.
The core loss is high at the maximum flux condition, but
other test data indicate the loss will be reduced to about
one-half at 600 C.

A temperature rise test was made at room ambient, 1000
voit, and 400 cps input condition. The temperature rise
was determined by the change in resistance of the input
winding. The temperature rise was 125 C. The input and

WAEDé4. 15E-82
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output parameters were also measured at the start and
finish of the test. At approximately a 50 C temperature
condition, the transformer output was 950 vollamperes at
50 amperes and the input was 1280 voltamperes. Just
prior to removal of power to the unit, the output was 940

voltamperes at 50 amperes load.

Performance tests at 500 volt 400 cps input condition re-
sulted in 442. 5 voltamperes output at 50 amperes with 580

voltamperes. input.
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IV. FUTURE WORK

Ceramic-to-Metal Seals

Attempts will be made to degas Cb-Al9Og concentric ring seals in a
cold-wall vacuum furnace at 1300-1700 C. The oxygen content of the
columbium is of importance because of its possible detrimental effect
on resistance tn corrosion in saturated potassium at 600-850 C.
Hardness tests will be made on the columbium portion before and
after vacuum degassing. In addition, microstructural studies and

leak tests will be performed.

Additional Cb-Al303 concentric ring seals will be hot pressed in
order to provide at least four seals which can be used for hermetic,
potassium resistant electrical feed-throughs for a test on an encap-
sulated high temperature transformer. Cb-1Zr wire will be used for
the electrical conductor. The seals will be brazed inside one end of a
3 inch length of type 316 stainless steel pipe and/or Kovar tubing.
Nicrobraz 130 will be the brazing alloy. The other end of the pipe

or tubing will be TIG welded to the stainless steel test capsule. Pre-
liminary grinding, machining, drilling, and tapping evaluations will
be undertaken on the refractory metal portions of Ta-Al305 and Cb-
AlyOg seals to determine beforehand suitable procedures for the final

seals.
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Consideration will be given to working out a technique for mixing
zirconium metal powder with the columbium before compacting in
order to introduce a getter which would be exnected to lower the oxy-

gen content of the columbium metal in the seal.

M_a_gnetic Materials

Room temperatire tests are to be completed on Rowland rings of 5%
Al-Fe and 3% Al, 1% Y-Fe alloys. Metallographic examination of all
samples will be completed to check for corrosion, and also brittle-

ness checks will be made.

Conductor Insulatin_g and Transformer Fabrication

The No. 22 columbium-clad dispersion-strengthened copper will be
used to fabricate an insulated transformer primary coil. This coil
will be either plasma-arc sprayed with aluriina while winding or dip
coated, wound green, and fired. The fluoride eutectic potting com-

pound will be used to pot this transformer.

Transformer Testing

The transformer described above will be put in an electrical test
capsule with purified potassium and tested after {irst obtaining oper-
ating characteristics at 600 C in argon. The ceramic coil form
transformer will be encapsulated and tested at 600 C under the folAlow-

ing electrical conditions, first in argon or vacuuin, then in potassium.
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Electrical Test Conditions

Primary

A-C Voltage Frequency CPS Temperature
100 400 600 C
500 400 600 C

1000 400 600 C
100 1000 600 C
500 1000 600 C

1000 1000 600 C
100 3200 600 C
500 3200 600 C

1000 3200 600 C

If these conditions are satisfactorily met in potassium vapor, the
transformer will be life te sted for 500 hours at 500 Vac and 1000

Ccps.
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